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Abstract

Climate change is posing great challenges to Tuvalu, a
small archipelago in the center of the Pacific Ocean. With
low elevations above sea level, poor soil, and limited land
resources, Tuvalu is considered to be one of the smallest
countries in the world, as well as the most vulnerable nation
under climate change. About 2000 years ago the seafaring
Pacific Islanders inhabited the archipelago and developed
its unique culture following the fluid geographies of atoll
islands––a culture that was once associated with the notion
of paradise, and which gradually faded away with the arrival
of western colonizers in the 19th century.
This thesis focuses on the study of the indigenous culture
of Tuvalu to then explore a design approach for a new
floating landscape. The new landscape adopts a regressive
strategy that expands into the inside of the atoll and involves
a flexible and constantly evolving aquaculture-floating
habitation development in the lagoon of Funafuti, the capital
island of Tuvalu. In the process, a new type of concrete
material made with plastic as an aggregate is proposed as a
solution to face sea level rise whilst also addressing, even if
only partially, the issues related to abundant plastic pollution
on the island.
Speculating on different scenarios spreading over the course
of fifty years, the design experiments with a series of land
and water-based ideas where flexibility becomes a key
concept. The thesis ultimately aims to open up questions
about the role of landscape architecture in supporting and
mediating change in territories and their communities that
currently face serious and existential pressures from climate
change, or soon will.
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Introduction
Climate Change and the Lost Paradise

Bay of Karakakooa at Owhyhee
Reference:
https://www.gettyimages.com/detail/illustration/bay-of-karakakooa-at-owhyee-royalty-free-illustration/503101637?adppopup=true
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Intro ducti o n
U t opi a, C ol oni al i s m & C l i m at e
C hange
Utopia is a nonexistent paradise imagined by people. It is
sometimes the product of “social dreaming” [1] and the
result of “expressions of desire for a better way of being”
[2]. Holding the illusion of a perfect society, in the sixteenth
century, European settlers started their Utopian practices
in the Americas. But how could the dream of a perfect
society be realized when it was built upon the injustice of
colonialism, and how could a paradise come into being when
only human’s desires were taken into account?

“

There are clear connections
between human-induced climate
change and the ideologies, values
and practices underpinning
colonialism and capitalism.		

“

					
— Kees Lokman

In Kees Lokman’s article “A Call for Spatial Justice in Coastal
Adaptation”, he argues that the human-induced climate
change has a clear connection with the ideologies, values,
and practices underpinning colonialism and capitalism,
and “the impacts of climate change can therefore be
conceptualized as an extension of colonization.” [3] In this
sense, the concept of utopia and its inter-connection with
colonialism may generate new perspectives and discussions
under the context of climate change. If colonization in
the sixteenth century had created a utopia for a certain
group of people, then climate change, as an extension of
colonization, is creating a vision of dystopia for all of us.
As the rising sea level threatens to take up our land-based
territories, the memories of the past and the identity of
the place may be gone along. The land that was once
under colonization will be liberated and return to nature.
While this experience may be traumatizing to some, this
irreversible change of the environment is not something that
brings us grief and sorrow. From a different perspective, it
may also become a new opportunity for us to reclaim a new
homeland that is free from the memories of colonization
and embracing the future of a constantly changing climate.
In the thesis, the notion of a contemporary utopia in the
face of climate change, particularly with respect to sealevel rise, is investigated through a focused study of Tuvalu,
a Pacific atoll nation. The work proposes a strategic and
phased approach to the design of a floating landscape as
a possible solution to face the threats. This new landscape
should act as both a social and environmental catalyst
capable of not only serving indigenous people but also
local non-human communities, as well as the ecological
environment as a whole.
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Lisa Reihana, in Pursuit of Venus [infected], 2015
Reference:
https://www.aucklandartgallery.com/page/auckland-art-gallery-premieres-in-pursuit-of-venus-infected-by-lisareihana?q=%2Fpage%2Fauckland-art-gallery-premieres-in-pursuit-of-venus-infected-by-lisa-reihana
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The fragility of coral atolls
Reference:
https://www.theguardian.com/global-development/2019/may/16/one-daydisappear-tuvalu-sinking-islands-rising-seas-climate-change

Tuvalu, a Disappea ring Na tio n
My interest in climate change and colonialism set my
focus on the Polynesian islands in the center Pacific
Ocean. The geological stability and existence of low-lying
atoll nations, like Fiji, Tonga, Samoa, or Tuvalu, is threatened
by sea-level rise and climate change. And these small
nations also share similar traditions and cultural practices,
as well as the history of colonialism. Among them, Tuvalu
is the one I’m most interested in.
Tuvalu is a volcanic archipelago and consists of three reef
islands (Nanumanga, Niutao, and Niulakita) and six true
atolls (Funafuti, Nanumea, Nui, Nukufetau, Nukulaelae, and
Vaitupu) [4]. It is home to around 11,000 people across
nine atoll communities, though today more than half the
population is squeezed onto the capital at Funafuti [5]. Its
small, scattered group of low-lying atolls have poor soil
and a total land area of only about 26 square kilometers
(10 square miles), making it the fourth smallest country
in the world. Tuvalu has an average elevation of only 1
to 2 meters above sea level. The highest elevation is 4.6
meters (15 ft) on Niulakita[4]. With a low elevation above
sea level, limited food, and freshwater resources, they are
among the most vulnerable nations under climate change
and are considered to be the world’s first nation with
climate refugees.

health of the coral ecosystem which plays a pivotal role in
island resilience against sea-level rise.
After Tuvalu’s independence in 1978, the nation was
struck by several severe weather events, including
Cyclone Ofa in 1990, a drought in 2011, and hurricane
Pam in 2015. The strategies that Tuvalu took to deal with
climate issues are supported by other nations and global
associations and adopted mostly hard infrastructure to
establish a fixed coastline. However such measures have
not only failed to protect their land but even speeded up
coastal erosion on the islands.

Moreover, Tuvalu is also facing severe plastic pollution,
which comes from imported food and products.
Traditionally, the Tuvaluan lived a self-sufficient lifestyle and
depended mostly on fishing and farming [6]. However,
as the nation became more connected with the outer
world, imported food also became a major part of their
daily diet. And plastic pollution, in turn, will also affect the
16
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1990

1999

2007

Cyclone Ofa
Cyclone Ofa was considered to
be the worst tropical cyclone
to affect Polynesia since Severe
Tropical Cyclone Bebe in 1972.
The system affected seven
different island nations and
caused gales or much stronger
winds in six of those countries.

The Funafuti Conservation Area
Funafuti Conservation Area was
created for the conservation of the
marine and land-based biodiversity
within the protected area.

2009

2011

2015

Mangrove Nursery Project
Mangroves and Beauty Leaf
Laurel seedlings were planted
in outer islands that are
threatened by coastal erosion.

Drought
Tuvalu had been hit by a
prolonged period of dry
weather in the second
half 2011, which had been
attributed to the La Niña that
results in the cooling of the
surface temperature of the sea
around Tuvalu which resulted in
reduced rainfall.

Hurricane Pam
Between 10 and 11 March,
waves, associated with the
cyclone swept across the
low-lying islands, leaading to
significant damage to agriculture
and infrastructure.

Tuvalu’s National Adaptation
Program of Action
National Adaptation Programmes
of Action (NAPAs) provide a
process for Least Developed
Countries to the implementation
of projects aimed at reducing
the economic and social costs of
climate change.

2016

2017
Tuvalu Coastal Adaptation Project
The 7-year Tuvalu Coastal Adaptation Project will
contribute to strengthening the resilience of one
of the world’s most vulnerable countries to climate
change and sea-level rise.

Queen Elizabeth II Park
This reclamation has been achieved by dredging
115.000 m3 [150,414 cu. yd.] of sand and
limestone from the atoll’s lagoon, likely disturbing
corals and sedimentation regimes.
Nukufetau seawall
In 2016, a 500-metre seawall was constructed to
improve the defences against severe wet weather
events.
19

Can We Turn
Climate Issues
into New
Opportunities?
Thesis Statement

Thesis questions

The effect of climate change has brought severe challenges
to Tuvalu, a tiny island archipelago on the frontline of global
warming. The unique fluid nature of atoll islands makes
it difficult for traditional methods of establishing hard
infrastructure to help the nation fight against sea-level
rise, while at the same time, the issue of plastic waste also
threatens the health of local people and the environment.
In this thesis, I explore a new floating landscape strategy
for Tuvalu to cope with both the sea level rise and plastic
pollution. This phased strategy aims to be rooted in the
indigenous culture of Tuvalu, as well as in the fluid nature of
the coral-formed atolls.

The thesis aims to investigate answers to the following
questions:
How can we put Indigenous knowledge at the center of
design practice when dealing with rising sea level and issues
of plastic abundance that Tuvalu nowadays faces?
1. What are the inherent connections between climate
change and colonialism, and how are they influencing the
built environment of Tuvalu?
2. How to define Tuvalu’s indigenous culture?
3. How can we engage indigenous knowledge with new
technology to create new lands on water and make a more
livable and resilient coastal environment?
4. How can we learn from local material cultures and turn
plastic from an issue into an opportunity?

Funafuti Atoll
Reference:
https://www.theguardian.com/global-development/2019/may/16/one-daydisappear-tuvalu-sinking-islands-rising-seas-climate-change
20
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Thesis Framework
Indigenous Culture

Learning about the indigenous knowledge of Tuvalu is a
major component of the thesis. By collecting information
from literature resources, two questions have been
answered:
1. what is at the center of Tuvalu’s indigenous knowledge,
and how western culture and the history of colonialism have
influenced its development.
2. In what ways is climate change affecting the lives of local
people and what is the climate policy that has recently been
applied?

Environmental Dynamics

Understanding the environmental dynamics of coral atolls is
the key to understand the land loss in Tuvalu. It is a crucial
step for developing a solution that can prevent the land
from further eroding in the future. There are three major
components under this topic. 1. Wind and current behavior
2. Sediment transportation and accumulation 3. Sediment
formation.

Case Studies

There are four main case studies in the thesis: Seaweed
farming in the Pacific Ocean, Oyster-tecture by SCAPE,
Makoko Floating School by Kunlé Adeyemi, the floating
homes in the Netherlands, and Eco-concrete. Through
studying the existing local farming practices, design
approaches, and new technologies considering plastic issues,
a few key components that will help establish the floating
system in the future were extracted: 1. Seaweed farming as
a production practice with economic and environmental
values. 2. Artificial reefs and wooden stakes of seaweed
farms will act as a wave attenuation and sand catchment
mechanism. 3. Eco-concrete will be the major material for
the construction of floating hulls.

Experimental Models

There are two types of models developed during the thesis:
the water table test and a material test. The water table test
helped me understand the interaction between water flow
and different structures and the accumulation of sediments
under each structure. The material test was beneficial to my
understanding of the material culture and weaving technique
of Tuvalu.
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Tuvalu &
Funafuti Atoll
A fluid context

Outrigger canoes used by Polynesian people in late 1800s
Reference:
https://www.forkauaionline.com/a-canoe-is-an-island-an-island-is-a-canoe/
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Fro m Flui d to Fixed
Indigenous Knowledge of Tuvalu
Fluidity
The Tuvaluan community is very much defined as being
“fluid, multiple, and complex” from the time of its original
settlement in the 14th century [5]. In order to adapt
to the dynamic and fluid nature of atoll islands, local
communities lived with a nomadic lifestyle, moving back
and forth between villages to let the coconut and fish
grow. Meanwhile, they also never stopped searching for
new islands in the ocean. The Tuvalu people had developed
unique ways of construction. Houses were flexible, with
beams and columns that could be transformed easily. Highly
skilled constructors can even build houses that could be
rotated to capture the cool breeze [7].

surface temperature of the sea around Tuvalu and led to
reduced rainfall [10]. Not long after the drought, hurricane
Pam, the second-most intense tropical cyclone of the South
Pacific Ocean, swept across the islands in 2015, leading to
significant damage to agriculture and infrastructure. Tuvalu
had strived to fight against climate change, however, most
of the strategy the country adopted was engaged with hard
infrastructure. The lack of awareness of the fluid nature
of coral atolls led to the failure of these projects. Such
measures were not only ineffective but even speeded up
coastal erosion on the islands’ coasts.

Tahitian sailing canoes, c.1846 and 1847
Reference:
https://www.wikiwand.com/en/Polynesian_culture

Kai tasi
Collectivity was also an important part of their traditional
lifestyle. Ideally, a single land unit was collectively owned
and worked by the members of a puikaainga (‘landholding
group’) under a form of tenure known as Kai tasi (‘eat as
one’); In practice, however, land-holding units were usually
smaller than this and cut across puikaainga boundaries.
The produce of the land, the fruits of fishing practice, or
any goods received through ceremonial presentation or
exchange, were distributed among the households according
to status and need [8].

“

How colonialism has influenced
the indigenouse culture of Tuvalu?
						

“

However, the mobility of all atoll-dwellers and their
traditional land tenureship was interrupted by the arrival
of the cash economy, a new religion, as well as British
colonization in the 19th century. The coming of western
cultures introduced the concept of fixed property, which
superseded Tuvalu’s original fluid lifestyle later on. Colonizers
settled all the villages and even banned islanders from
traveling between atolls for easier management [9].
During WWII, the United States forces landed in Funafuti
on 2 October 1942 and constructed an airfield on the
island. The massive scale and intensity of these construction
operations were far beyond anything the islanders had seen
before. Heavy equipment dredged lagoons and tore down
large areas of houses. The airfields alone, constructed with
crushed coral mined from huge pits covered as much as
one-fourth of the atoll’s prime land area [6].
After Tuvalu’s independence in 1978, the nation was struck
by several severe weather events. In 1990, severe Tropical
Cyclone Ofa attacked all nine islands and caused dramatic
damages to the nation. Tuvalu had been hit by a prolonged
period of dry weather in 2011, which was caused by the La
Niña. The effects of La Niña resulted in the cooling of the
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Fluid Lifestyle of Tuvalu

Mobile Settlements

Transformable Houses

Search for New Land

Expended Home
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Tradition of Kai tasi
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The Arrival of Western Culture

14th Century

1568

1819

Original Settlement
The Tuvaluan community is very
much defined as being “fluid, multiple
and complex” from the time of its
original settlement

First sighted
Spaniard Alvaro Mendana de
Neyra sighted the islands of
Nui.

1840
Whaling in Pacific
Whaling in Pacific was
the start of trading. Basic
attitudes towards private
property and commerce,
were quickly recognized by
Islanders.

Ellice’s Island
Funafuti atoll was named by
Captain Arent de Peyster
while sailing past the region.
Later, the name Ellice was
applied to all nine islands in
the Ellice Island group.
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1860s

1872

1892

Pacific Islanders Protection Act
the British established a
protectorate over the Western
Pacific Territories.

Traders and Missionaries
Trade was an early and continuing feature
of contact with Europeans; it also served
to bring the islands to the attention of the
outside world. Inevitably, the attention of
missionaries, labor recruiters and imperial
authorities was attracted.

1942

1978

WWII
The United States forces landed in Funafuti
on 2 October 1942 and on Nanumea and
Nukufetau in August 1943 and constructed
an airfield on each island and other bases.
Large quantities of coral were dug up and
carted off to be crushed and mixed for the
tarmac. Gaping holes left behind are called
“borrow pits.”

Colonization
The Ellice Islands first came under
formal British administration as a
constituent part of the Gilbert and
Ellice Islands Protectorate.

Independence
On 1 October 1978, Tuvalu
became fully independent as
a sovereign state. And on 5
September 2000, Tuvalu became
the 189th member of the United
Nations.
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Flui d N a ture o f
Co ra l A to ll s
Coral atolls are dynamic, living geographies that evolve
based on currents, storms, and sea level [5]. The formation
of an atoll is a slow process that can take millions of years.
It begins when an underwater volcano erupts, creating a
buildup of lava on the seafloor and finally forms an island.
Over time, hard corals begin to build a reef around the
island, while the ocean waves begin to erode the volcanic
island in a process known as subsidence. Eventually, the island
erodes and disappears below the surface, leaving a lagoon
of water surrounded by a coral reef. And as time goes by,
pieces of coral get eroded into tiny grains of sand that pile
up on the reef to form tiny islets or a ring-shaped island [11].
The increasingly unpredictable behavior of current actions
on account of climate change forces the remobilization of
sediment and promotes island destabilization [12]. Extreme
weather events like cyclones can easily cause sea swells
that inundate entire settlements [13]. The atoll islands’
survival has become increasingly difficult in the face of global
warming and rising sea levels.
However, this is not always the case. Extreme weather
events and rising sea levels caused by climate change are
likely to exacerbate coastal erosion, but they are also likely
to provide opportunities for new deposits. An analysis on
shoreline change of 101 islands in Tuvalu shows that over the
past four decades, a period when local sea level has risen
at twice the global average (~3.90 ± 0.4 mm. yr−1), Tuvalu
has not been experiencing obvious land loss, instead, the
total land area has increased of 73.5 ha (2.9%) [14]. While
for those islands which are losing land, Funafuti Island in
particular, human-induced destruction of natural ecosystems
may be the main reason for coastal erosion.

Tepuka island, Funafuti
Reference:
Paul Kench, Murray Ford, Coral islands defy sea-level rise over the past
century: Records from a central Pacific atoll
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Atoll Formation
Reference:
“How Does an Atoll Form?”, 2017, https://wonderopolis.org/index.php/
wonder/how-does-an-atoll-form
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Wind and Current Map of Funafuti Atoll
Reference:
James B. Shope, Curt D. Storlazzi, Assessing Morphologic Controls on Atoll
Island Alongshore Sediment Transport Gradients Due to Future Sea-Level
Rise

Sediment Formation and Transportation
The understanding of the formation and transportation of
sediments of coral atolls is especially important for dealing
with coastal erosion in Tuvalu.
Foraminifera tests and coral/red algal debris contribute to
much of the sediments that make up the land areas of atolls.
In the shallow lagoon, foraminifera (mainly Amphistegina
lessonii, A. lobifera, Baculogypsina sphaerulata, Calcarina
spengleri, Marginopora vertebralis, and Sorites marginalis)
is the dominant component of sand and gravel, followed in
decreasing order of abundance by calcareous red and green
algae, coral, and mollusks. With the movement of wind and
currents, sediments formed in the lagoon will be brought on
to the seashore and eventually become a part of the beach
area. While on the ocean side, sediments are dominated
by coral and coralline red algal debris thrown up in 1972
by cyclone Bebe and later moved inshore and lagoon ward
[15].
According to existing research on the atoll island’s wave
condition, we can roughly predict the wave pattern of
Funafuti lagoon. This sets the stage for us to think about how
we change or capture sediment in the future design.
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Coral Diversity and
Sand Formation
Reference:
J. D. Collen, D. W. Garton
Larger foraminifera and sedimentation around Fongafale Island, Funafuti
Atoll, Tuvalu
Samasoni Sauni,The status of the coral reefs of Tuvalu
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Invasive Sargassum seaweed on the coastline of Funafuti
Reference:
Antoine de Ramon N’Yeurt, Viliamu Iese, Overabundant invasive Sargassum
in Funafuti, Tuvalu - Report

Human-induced Land Loss
Atoll islands are fully composed of skeletons from coral reef
creatures. The healthy coral ecosystem plays a pivotal role in
island resilience against climate change. However, at the same
time, the coral ecosystem is also an extremely sensitive and
fragile system. Human activities can easily destroy its balance
and lead to great damage. Eutrophication, heavy metal
pollution, overfishing and coral excavation, and dredging
are the four major threats to coral ecosystems. Tuvalu coral
records domestic waste-induced eutrophication since the
1990s, which has promoted the seasonal anoxic condition
and formed iron sulfide-a black band like ocean sediment
inside coral skeleton [16]. From the coastal water and
sediment analyses in 2010–2011, the high concentrations
of Escherichia coli, acid volatile sulfide (AVS), and heavy
metals due to were detected. This lagoon water pollution in
Fongafale Island caused a decrease in the foraminifera and
coral population in front of the lagoonal coast of Fongafale
Island [17]. Meanwhile, the increasing fishing practice for
economic benefit is also posing a great threat to the marine
environment of Funafuti atoll.

torpedo (PT) boat bases and seaplane base respectively.
The excavated reef rocks were also used for building the
shore road [18]. These construction projects changed the
transportation of sediment completely. The channels act as
conduits for sediment movement into deeper water and
contributed to coastal erosion along the central lagoon
coast of Fongafale [15].

Coral excavation and dredging are also considerable factors
that contribute to coastal erosion. Mining and dredging
process not only causes a loss in biodiversity but also
results in an opposite movement of sediment that has been
brought to the beach. Most of the excavation and dredging
on Funafuti atoll happened when the American military
arrived at the island in 1942. In order to build a 1.9 km long
military runway running across the lake, large volumes of
aggregate were exploited from land, and sand was excavated
from the beach. A long quarry pit more than 10m wide,
parallel to the shore along the reclaimed runway was dug
for providing filling material and five shore-normal channels
about 25-50 m wide each were excavated on the lagoon
reef flat as access channel-ports for transportation, patrol
42
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Human-induced Land Loss

Eutrophication
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Heavy Metal Pollution

Overfishing

Coral Excavation & Dredging
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R e se a rch Si te ,
Funa futi A to l l
Funafuti Atoll is located at 8°30’S and 179°10’E. The atoll is
pentagonal in shape, 25 km long from north to south and
16 km wide from east to west. The lagoon is surrounded by
discontinuous reef fiats. Fongafale, the main islet in Funafuti
Atoll, is 1.42km in area, long and narrow with a broad ‘V’
shaped outline, and can be divided into three geographical
areas: a relatively wide central province (central Fongafale), a
long north arm and a south arm [18]. About half of Tuvalu’s
population is concentrated on Funafuti atoll, and almost all
of the residents of Funafuti Atoll live in Fongafale Islet.
Population and labour force
According to the 2017 census, the population of Funafuti
atoll is 6320, accounting for 60 percent of Tuvalu’s total
population. The average household size is around 7 people,
which means the total household on Funafuti atoll is around
849 [19]. Tourism is not a well-developed industry in Tuvalu.
Only around 2700 people visit the nation every year [20].
The working-age population (15–64 years) was 60 percent
of the total population, and the labor force participation
rate was about 55 percent [21]. The percentage of the
population involved in formal employment is small in Tuvalu,
and Funafuti contributes to most of the employment
opportunities, with 1375 people as employees. People
that are not part of the formal economy participate in
self-employed practice, like handicraft, fishing, land work or
housework, or volunteer and unpaid family businesses. There
is also a large percentage of people who are not employed
and are still looking for job opportunities [21].
Economy
The economy of Funafuti is based primarily on remittances
from Tuvaluans working offshore, aid payments, income
from a Tuvalu Trust Fund, the sale of stamps and coins, and
license fees for fishing. Most Tuvaluans practice subsistence
fishing, farming, and the harvest of a range of wild, mainly
plant, products. This is especially true outside Funafuti, where
people depend on fish, shellfish, coconut, breadfruit, bananas,
taro, pandanus, pigs, chickens, seabirds, and some wild plants
as the main locally produced foods. There is only limited
tourism, with most visitors being consultants, officials of
international and regional organizations, and business people.
[22]
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Population and labour force
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Hydrology and Freshwater Resource

Climate
There is little variation in temperature throughout the year
in Tuvalu. The maximum temperature is between 31–32°C
and the minimum temperature between 25–26°C all year
round. Air temperatures are strongly tied to the ocean
temperatures surrounding the islands and atolls of the
country.
Tuvalu experiences the effects of El Niño and La Niña,
which are caused by changes in ocean temperatures in
the equatorial and central Pacific. El Niño effects increase
the chances of tropical storms and cyclones, while La Niña
effects increase the chances of drought. Typically, the islands
of Tuvalu receive between 200 to 400 mm (8 to 16 in) of
rainfall per month.
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Ecosystem Diversity
Despite Tuvalu’s small land area and limited nearshore
marine area, considerable ecosystem diversity is recognized
by local communities. Main vegetation and land cover types
include:
Inland broadleaf forest and woodland,
Coastal littoral forest and scrub,
Mangroves and wetland,
Coconut woodland and agroforest,
Excavated taro gardens,
Village house-yard and urban gardens,
Intensive vegetable and food gardens,
Constantly disturbed ruderal vegetation,
Beaches, coral rubble, and coastal beach rock.
Coconut woodland is the most common land cover, taking
up more than half of Tuvalu’s total land cover [23].

Hydrology and Freshwater Resources
There are no surface freshwater resources in Funafuti
and the only natural freshwater resource is groundwater
in the form of a lens of often slightly brackish freshwater,
hydrostatically floating on higher density saltwater beneath
it. Replenishment of the lens is dependent on rainfall. On
Funafuti the freshwater lens is most extensive and highly
developed on the largest islet, Fogafale, although the
freshwater resources are extremely limited in relation to the
population size. As a result, much of Fogafale is dependent
on household and community rainwater catchment systems.
[24]

Current Issues
Environmental Concerns:
-Global warming and sea level rise
-Unsustainable use of marine and terrestrial natural
resources
-Food security and fresh water supply
-Waste management
-Coastal erosion
Social Concerns:
-Population growth, densities and distribution
-Deficiencies in environmental education and public
awareness
-Decline of traditional resource management practices
-Inadequate institutional and legislative arrangements
Urbanization[25]
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Case Studies
Seaweed farming in the Pacific Ocean
Oyster-tecture
Makoko floating school
Floating homes in the Netherlands
Eco-concrete research
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Name: Seaweed Farming in the Pacific Ocean
Summarize: The Pacific Ocean islands have a long history of
seaweed farming practice. Seaweed agriculture can not only
contribute to supplement other sources of income but also
help absorb nutrients (N and P) in the ocean and uptake
carbon emissions. At the same time, the wood stake system
that comes with the seaweed farm will also act as a wave
attenuation and sand catchment system to prevent the land
from erosion.

Reference:
https://www.reddit.com/r/interestingasfuck/comments/c6kcul/what_a_small_
seaweed_farm_looks_like/
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Wooden stakes as a wave attenuation and sand catchement system
Reference:
https://www.sciencefriday.com/segments/is-a-seaweed-boom-a-boon/

Seaweed Farming in the Pacific Ocean
The Pacific Ocean islands have a long history of seaweed
farming practice. Atoll islands of Hawaii, Ponape, Kiribati,
Tonga, Samoa, Fiji, Tuvalu, Cook Islands, Solomons, and French
Polynesia, have each imported live cottonii seaweed at
different times. In 1986 both Fiji and the Gilbert Islands (now
Tuvalu) started commercial seaweed farming and today
Kiribati, with a production of over 1000 MT per annum, is
the world’s fourth-largest exporter of raw cottonii seaweed,
behind the Philippines, Indonesia, and Malaysia. Fiji re-initiated
farming development for the third time in 1998 and exports
have been increasing during 1999 [26].
Today, there are no seaweed farming practices on the island
of Funafuti, but seaweed farms could be a future solution to
help atoll-dwellers deal with economic, environmental, and
even climate change issues.
To start with, seaweed agriculture can make a useful
contribution to supplement other sources of income and
can be an important economic boost for Tuvalu where few
alternative income-generating opportunities exist [27]. In
turn, the issue of overfishing for commercial businesses can
be alleviated. Furthermore, seaweed has also been proven
to be excellent bioremediation for ecosystem balancing in
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mitigating eutrophication. Seaweed can effectively absorb
nutrients (N and P) in the ocean and reduce eutrophication
levels in the aquatic environment, and at the same time,
help uptake carbon emissions. Due to their varying intrinsic
characteristics, seaweeds are also used in a variety of
industrial processes, seaweed extract can be used as a
biobased fertilizer for crops; they can produce energy-rich
biogas and become a source for biofuels; they also have
the potential for biomaterial development, like eco-friendly
concrete.
On the other hand, the establishment of seaweed farms
always comes with a stake system. Farmers arrange wooden
stakes into a grid structure that hold the strings which are
attached with seaweeds. This framework can also act as a
wave attenuation and sand capturing system, which may
become a possible strategy for protecting the existing land
area, while at the same time, building new land area.
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Name: Oyster-tecture
Site: Gowanus Canal, Red Hook, Governors Island, and
Buttermilk Channel, NY
Date: 2011
Design Company: SCAPE
Summarize: Oyster-tecture proposes a living reef composed
of a woven web of ‘fuzzy rope’ that supports marine growth,
generates a 3D landscape mosaic that attenuates waves, and
cleans millions of gallons of harbor water by harnessing the
biotic filtration processes of oysters, mussels, and eelgrass.
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Oyster-tecture
Engaging issues of water quality, encroaching tides, and
community-based development, the project proposes to
nurture the already active revitalization of a long-lost natural
oyster reef in a phased process, developing an armature in
the shallow waters of the Bay Ridge Flats. The structure, a
field of piles and webs of fuzzy rope, is seeded with young
oysters nurtured in a clean and revitalized Gowanus Canal.
The project starts with the natural work of oyster creation,
simulating the growth of other marine life like mussels and
eelgrass, and clean millions of gallons of harbor water. A
wave-attenuating structure of the reef net will protect the
adjacent shoreline, on which a new cleaner, water-based
community will be developed. Gardens in the community
will be fertilized with combined sewer overflow and oyster
development industries where residents savor homegrown

shellfish.
The development of “reef culture” reorients public life
around the water. The Oyster-tecture life cycle, beginning in
the Gowanus Canal, involves a series of components that
not only foster the growth of oyster but also provides
recreational outlets for city dwellers and boosts the local
economy- including a complex system of oyster husbandry,
new pathways and parkland in the area, and a system of
gardens that filter sewer overflow.

next century. Oyster-tecture aims to improve habitat and
water quality, restore biodiversity to tidal marshes and
encourage new relationships between New Yorkers and
their harbor.

Cleaner, slower water also enables neighborhood fabrics to
create new channels inland from the Gowanus Canal. A
watery regional park emerges that prefigures the city’s
return to the waterfront as a sustainable strategy for the
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Reflection:
This project appeals to me for its consideration of the
community engagement process. The area between the
land and the sea is sometimes hard to define and will easily
lose its identity, especially in the background of a more
frequently changing marine environment. While engaging
the community of the region, a project can fit in local
people’s life more easily, and motivate their responsibility
in maintaining, protecting, and developing the area. In a
way, the project not only improved the resilience of the
environment, but also the society. In the interview of Kate
Orff, she mentioned, “We are looking to synthesize design,
communication and participation strategies that are not
top-down technomanagerial solutions but dispersed and
integrated actions with cumulative effects that generate
knowledge and future action.” The reason for the failure
of most climate adaptation projects in Tuvalu, except for
the overlook of atoll islands’ fluid nature, is the lack of
community engagement. Local people need to be aware of
the challenge they are facing, understand what is suitable for
their homeland, and participate in the process of building
their new future. The process of engagement is also the
process of establishing place identity, responsibility, and
confidence.
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Name: Makoko Floating School
Site: Lagos, Nigeria
Date: 2013
Designer: Kunlé Adeyem, NLÉ
Summarize: Makoko Floating School is a floating structure
that adapts to the tidal changes and varying water levels,
making it invulnerable to flooding and storm surges. It is
designed to use renewable energy, recycle organic waste,
and harvest rainwater.
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Makoko Floating Community
Photographer: Ade Adekola

Makoko Floating School
Makoko Floating School is a prototype structure that
addresses physical and social needs in view of the growing
challenges of climate change in an urbanizing African context.
It is a movable ‘building’ or ‘watercraft’ currently located in
the aquatic community of Makoko in the lagoon heart of
Africa’s second-most populous city-Lagos, Nigeria. It is a
floating structure that adapts to the tidal changes and
varying water levels, making it invulnerable to flooding and
storm surges. It is designed to use renewable energy, recycle
organic waste, and harvest rainwater.
An estimated 100,000 people reside in Makoko in housing
units built on stilts. Yet the community has no roads, no land,
and no formal infrastructure to support its day-to-day
survival. In many ways, Makoko epitomizes the most critical
challenges posed by urbanization and climate change in
coastal Africa. At the same time, it also inspires possible
solutions and alternatives to the invasive culture of land
reclamation.
In response to Makoko community’s lack of education
resource and susceptibility to rainfall and flooding issue, NLÉ
has developed a prototype floating structure that will serve
primarily as a school, whilst being scalable and adaptable for
other uses, such as a community hub, health clinic, market,
entertainment center or housing. The prototype’s versatile
structure is a safe and economical floating triangular frame
that allows flexibility for customization and completion
based on specific needs and capacities

space during after-hours. The 2nd level is an enclosed space
for two to four classrooms, providing enough space for sixty
to a hundred pupils. A staircase on the side connects the
open play area, the classrooms, and a semi-enclosed
workshop space on the 3rd level.
The project is based on the use of locally available materials,
labor, and vernacular building techniques, combined with
relevant global technologies for improvements. Recycled
empty plastic barrels found abundantly in Lagos were used
for the building’s flotation system, which consists of 16
wooden modules, each containing 16 barrels. Once the
platform was assembled, construction of the A-frame
followed. The construction was led by a team of eight
Makoko based builders using eco-friendly, locally sourced
bamboo and wood procured from a local sawmill.
The building/watercraft has an electrical system, which is to
be powered through solar energy panels installed onto the
roof of the building. A compost/urine diversion toilet
adapted to the local practices has been incorporated into
the building. The resulting compost will be recycled for
vegetation and planting on the structure
roof of the building. A compost/urine diversion toilet
adapted to the local practices has been incorporated into
the building. The resulting compost will be recycled for
vegetation and planting on the structure.

The pyramid building is 10m high with a 10m x 10m base. It
has three levels. The 1st level is an open play area for school
breaks and assembly, which also serves as a community
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Increase in
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sea level
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FLOTATION
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=

NEW
SOLUTION

Reflection:
Though the floating school structure finally collapsed
because of a lack of proper maintenance and collective
management, I still consider this project a successful and
meaningful one to learn from. In the first place, I appreciate
how the project is rooted in the indigenous culture in
terms of the adaptation of local building techniques and
locally available materials. The main structure materials are
wood and bamboo procured from a local sawmill. And
the floatation system is made from recycled empty plastic
barrels, which are found abundantly in Lagos. More than
that, the barrels can also serve as rain harvesting units. The
combination of the flotation system and water collection
system is quite inspiring, especially when Tuvalu is also facing
a freshwater shortage issue.

Secondly, I also like the adaptability of the floating school.
The watercraft can not only adapt to dynamic water
levels but also the needs of the community. It can be seen
as an educational facility, a community gathering area, a
recreational place, or even a garden. The multi-functional
feature is what I should learn from.
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Platform Prototype
Photography: NLÉ
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Name: Floating Homes in the Netherlands & Studies on
Eco-concrete
Summarize: Building houses on the water is a common
thing for Dutch people as they have already been doing
it for thousands of years. The traditional way of building
floating houses with steel has many problems like rust,
high maintenance and poor longevity. While a hull that is
built from reinforced concrete is strong and sustainable. It
requires almost no maintenance and has excellent longevity.
At the same time, concrete can also be produced with
plastic by new technologies.

Reference:
https://www.weforum.org/agenda/2021/02/netherlands-floating-villageschoonschip-density/
76

77

Concrete Hull
Reference:
http://www.floatinghomes.ltd.uk/floating-foundations.html

Floating Homes in the Netherlands

Plastic Waste to Eco-friendly Concrete

Building houses on the water is a common thing for Dutch
people as they have already been doing it for thousands of
years. The Netherlands is one of the lowest-lying countries
in the world and half of the landmass is below sea level. As
climate change exacerbates the tension between the sea
and their land, the Dutch have to come up with new ways of
coping with both the rising tide and the surging population
in urban areas. Refining the process of building homes on
the water by utilising concrete hulls is one of them. The traditional way of building floating houses with steel has many
problems like rust, high maintenance and poor longevity.
While a hull that is built from reinforced concrete is strong
and sustainable. It requires almost no maintenance and has
excellent longevity [28].

Concrete also has a great chance of engaging with plastic.
There are studies showing that plastic may be a future
material to replace sand and create eco-concrete that is
even stronger. As Michael Short, an assistant professor in
MIT’s Department of Nuclear Science and Engineering said,
the new technology “...takes plastic out of the landfill, locks
it up in concrete, and also uses less cement to make the
concrete, which makes fewer carbon dioxide emissions,” [29]
Another meaningful aspect of the new technology is that it
prevents plastic from turning into micro-plastics and entering
into the ecosystem. When plastic is locked in the concrete,
the opportunity for decomposition will be reduced. Floating
houses made out of eco-concrete are a possible and
promising solution for the plastic abundance in Tuvalu.
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Experimental
Models
Water Table Test
Material Test
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Water Table Test Series No. 1
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Water Table Test Series No. 2
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Water Table Test Series No. 3
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Conclusion

Future Possibilities

Water Table Test
The water table test helped to understand the interaction
between water flows and different structures, and the
accumulation of sediments under each structure. Three
series of experiments were carried out and comparisons
were made between them.
According to the first series of experiments, it is possible to
see that a staggering system has the best ability in capturing
sediments. While comparing the three linear structures, the
convex shape performs the best. The L shape emerges from
the stake grid system of the seaweed farm. The double L
at the bottom might have a greater potential in capturing
sediments. In conclusion, a combination of these three
structures will be a possible plan for future development.
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Material Culture of Tuvalu

Material Test
The use of locally sourced materials is also a significant
part of Tuvalu’s indigenous culture. Local people used
natural materials, especially coconut trees, to make all the
tools and daily necessities, such as ropes, mats, containers,
building materials, traps to catch fish and birds, and so forth.
The material tests conducted in the thesis were a way of
understanding better these cultural practices. Paper was
used as a material to recreate the main structure of palm
leaves and to test different weaving techniques. Through the
weaving technique, it became clear that behind their material
culture, lies also the ancient intelligence, a specific form of
these communities to relate to nature.
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Imagining a
Fluid Future
A evolving aquaculture and floating
habitation in light of climate change
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A R e g re ssive
Stra te g y
The strategy for a floating landscape for the next 50 years in
Tuvalu adopts a regressive strategy that occupies the interior
lagoon and is mainly composed of three parts. First is the
wave attenuation and sand catchment system. This system
includes a series of barriers to protect the coastline from
further erosion. On the outer edge, an artificial breakwater
will be established first, then follows the seaweed farms. As
time goes by, sediments will be captured by the wooden
stakes of seaweed farms and create a suitable habitat for
mangrove forests. Under this evolution pattern, the layers
of barriers will keep developing towards the seashore,
protecting the coastline and allowing new land to be formed.
The second part is a mixed subsistence-cash economy. The
people of Tuvalu lived a completely self-sufficient life in the
past. Only with the arrival of the cash economy in the 19th
century did people begin to trade with the outside world.
But this change also brought problems like overfishing
and unsustainable farming that caused huge damage to
the environment. So in this thesis, a combination of both
subsistence and cash economy is developed. Seaweed
farming is an aquaculture practice with great economic value.
Seaweed products can be exported to nearby countries
like Australia and New Zealand. Meanwhile, seaweed is also
a major component of sustainable development with the
creation of seaweed biomass and fertilizer. On the island,
farmland will be established and produce most of the food
the local community needs. Because of saltwater intrusion,
crop selection is limited to salt-resistant varieties, such as
taro, sweet potato, yam, and cassava. While another type
of farming method will also be carried out, the food cube
farming. Vegetables and fruits with low salt tolerance can be
planted in boxes made out of recycled plastic to help them
survive in harsh soil condition.
The third part includes different types of the designed
solutions with eco-concrete made with plastic as one of the
aggregates. This type of concrete can be a potential material
to solve plastic issues in Tuvalu by using recycled plastic as a
substitute for sand. Eco-concrete can be turned into cubes
for breakout water, concrete hulls to support the floating
village, and also filling material to elevate the inland ground.
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System of Land Permutation
A land permutation system will be established to achieve
reasonable and acceptable land ownership among local
communities. The amount of newly developed inland farming
and the seaweed farming areas are distributed to families
according to the amount of land they previously owned. For
people who decide to move into a floating community, their
originally owned land will be reserved for them on the island
to ensure the possibility of moving back to land in the future
and to help residents build a sense of security. An institution
called “food bank” will be established, through which farmers
can exchange products for money, while business people or
government officers who do not participate in the farming
activities will contribute a certain amount of their income.
Land ownership is based on the tradition of Kai tasi. Both
land and sea areas are owned by individual families, while
they cultivate these areas together as a collective group.
Finally, all products, taro, yam, vegetables, seaweed, or fish
should be shared following the tradition of Kai tasi.
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Evolving Plans
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0-5 years
In the first stage of the development of the floating
landscape, the eco-breakwater and a series of seaweed
farms are established. They act as the frontier barrier that
protects the land area, and also a sand catchment system.
On the island, plastic is being collected in preparation for the
production of eco-concrete.

5-10 years
As the seaweed farm continues to develop towards the
coastline, enough sediments are accumulated by the wooden
stakes of the farming areas, and suitable habitat for mangrove
forest is created. While in the land area, the first stage of
the land elevation process using eco-concrete begins. After
filling up the low-lying areas, residents will build new homes
on them, saving areas with higher elevations and better soil
conditions for farmland.
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10-20 years
During this period, eco-concrete hulls are fully prepared
for the construction of floating houses. Floating villages
are developed following the grid set up by the seaweed
farming blocks, welcoming the relocation of the first group
of seaweed farmers. On the island, the elevation process
continues. More land is used for agricultural practice, and
structural planting using coconut, banana, and breadfruit
trees are started on the west and east side of the farming
area.
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20-30 years
As the development continues, the floating communities
are expanded to 432 households. All mangrove forests are
fully developed, serving as both an ecological and landscape
element. The farming area on the island extends from
southwest to northeast, with large and small open spaces in
between. The elevated land that is filled with concrete is not
conducive to the growth of plants, so food-cube farming is
developed. These farming areas work similarly to community
gardens, which have a closer relationship with adjacent
residents.
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30-50 years
In the final stage of the fifty years plan, the number of
households in the floating communities will reach 648,
accounting for two-thirds of the original inland households
fifty years earlier (present moment).
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50- years
In the further future, 100 years or even longer, the natural
and social environment may undergo greater changes
than the ones we are now experiencing. Since the floating
landscape is based on the concept of fluidity and flexibility,
it can pivot, migrate or expand to adapt to the new
environment.
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Development Diagram

This diagram shows the development of both ocean and
inland alternatives. In the lagoon, the system started with the
artificial reef and seaweed farms. As more sand accumulates,
it creates a suitable habitat for mangrove forests. Seaweed
farms will be gradually turned into floating villages as the
system develops further in time.
On the island, areas with lower elevations will be elevated
with eco concrete and become the location of new settlements. The highland will then be turned into farming areas,
with structural planting on both sides to work as wind
protection.
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Section 1 Breakwater & Seaweed Farms
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Section 2 Floating Communities & Mangrove Forest
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Section 3 Eco-concrate & Low-lying Areas
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Section 4 The Development of Farmland
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Section 5 Major Materials
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Food Delivery

Fresh Water Delivery

Waste Recycling

Education Facility

Hopping Platform
The hopping platform system is an approach to increase
the adaptation of the floating communities. Platforms with
the functions of food delivery, freshwater delivery, waste
recycling, and educational facilities can be attached to the
wooden docks of different floating communities according
to needs.
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Sustainable Design
A single floating house can be separated into three layers,
the concrete hull, collection layer, dwelling space, and roof.
Water and waste are collected and recycled to a maximum
extent. Plastic waste is exported to other countries in
the production of eco-concrete. While organic waste is
transported to the island and used as fertilizer. Seaweed is
also a part of sustainable development. Except for economic
value, seaweed can also be turned into liquid fertilizer as
well as biomass. These processes take place in the scattered
open spaces in the farmland.
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Plastic & Seaweed Cycle
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Perspective-Floating Community
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Perspective-Seaweed Farming
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Reflection
As a culmination of my studies at RISD, this thesis on Tuvalu
becomes meaningful in many ways. It encouraged me to
know about a new country, a new geomorphic feature – the
atoll –, and a culture that I had never encountered before. It
also asked me to think about adaptations to the constantly
changing environment towards the establishment of an
alternative way of living in the context of climate change.
Perhaps even more importantly, this study helped me rethink
the role of indigenous cultures in the future development
of a region, and how landscape architecture can become a
facilitator and mediator that helps communities realize their
value.
When reflecting on the trajectory of this thesis, two
valuable aspects of the study on Tuvalu’s indigenous culture
stand out: first, their fluid lifestyle; and second, their unique
way of understanding land. Coral atolls are dynamic, living
geographies, a geomorphological condition that forces the
community to develop enough flexibility to face unknown
changes. However, the fluidity of these atoll dwellers was
lost with the complex processes of colonization in the 19th
century. But when facing new and global issues related
to climate change, which in the case of Tuvalu represent
an existential threat to their existence as a nation, the
indigenous ways of knowing and making become meaningful
more than ever. The most critical concept of this thesis, then,
was to retrieve this culture by establishing a flexible floating
system that can be evolved with time and can be rearranged
as needed.
However, given the limited time, many aspects of this thesis
should still be further studied and explored in the future.
First, the wave attenuation and sand catchment system is
based on a limited number of water table tests developed in
the context of this study. It adopts a simple grid layout, which
has its inherent limitations. If we could build a more precise
model to simulate the lagoon marine environment and
conduct experiments with greater variety, other reasonable
and effective possibilities should emerge. Second, this project
only explores scenarios over the next 50 years, thus lacking
a plan for a longer-term future. In the next 100 years,
perhaps even longer, the natural and social environment may
undergo even greater changes than the ones explored in
this study. The actions and reactions of both landscape and
community should be better explored and predicted, and
a feedback system should also be established. An effective
feedback mechanism can emerge when we evaluate the
effectiveness of landscape infrastructure and help improve its
performance.
The thesis also encouraged the formulation of some final
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thoughts on the local economic system of Tuvalu. The
thesis argues, in a limited way, for an increase of the local
income by developing a seaweed-based economy, even
when recognizing that the research on eventual potential
markets was not done thoroughly. Both the demand of the
market and the production of seaweed would require more
accurate calculations. In addition, a system that depends on
external “buyers” is always a fragile system. Research on how
to develop a more autonomous and sustainable economy
would also need to be further developed.

solve urban problems through the use of more natural
methods, utilizing nature-based solutions to develop “soft”
infrastructures [31] that welcome nature into cities. Last
but not least, landscape architects are also consultants and
educators. After a project is implemented, we should help
local communities to understand and accept the newly
built living environment and get them prepared for a more
sustainable and eco-friendly lifestyle.

With the advancement of science and technology and
the inevitable impacts of globalization, we are increasingly
inclined to use standardized and efficient engineering
techniques to help cities resist natural disasters. This
approach often leads us to ignore the significance of sitespecific design, as well as other possible response strategies
that may derive from the unique and situated cultural
backgrounds. Indigenous cultures are developed through
long-term interactions between the community and their
natural environment in a certain region [30]. They result
from the experiences and wisdom of a community and
often a bridge between social and ecological significance
and social values that have been passed down generation
by generation. As landscape architecture has long been seen
as the link between the city and nature, as well as a cultural
carrier, the design processes should eventually draw more
attention to the local cultures and re-endow them with
meaning and value that can then be applied to impactful
projects in real life. This was also the attempt throughout this
thesis: by adapting more localized and sustainable landscape
strategies, the proposed landscape framework aims to
help the people of Tuvalu imagine a new future, with more
adaptability and cultural identity, and a greater sense of
belonging.
The role of landscape architects in a design project can be
also diverse. I believe that, even before becoming a designer
and planner, landscape architects ought to imagine first.
We should use our professional knowledge and in-depth
understanding of the design processes and site-specificity
to imagine future scenarios capable of integrating local
nature, social and cultural environments. At the same time,
the landscape architects are also mediators. We have the
responsibility to coordinate between the authority and
the local communities and keep the balance between
requirements and needs. At the same time, we are also
facilitators between nature and cities. With the development
of the profession, landscape architecture has become an
indispensable part of the urban infrastructure system. The
uniqueness of landscape architecture is that it can eventually
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